Head and neck reconstruction is a technically challenging procedure. Variations encountered in the recipient vessels and commonly used flaps add to the complexity of surgery. This article reviews the commonly encountered variations in the recipient vessels in the neck with emphasis on alternatives and techniques to circumvent these variations. Flaps commonly used in head and neck reconstruction are also reviewed in detail. Furthermore, safety, potential pitfalls, and technical pearls are highlighted.
1
Microvascular free tissue transfer expands the armamentarium of the reconstructive surgeon, allowing elaborate reconstruction of complex defects. Though free tissue transfer has eliminated many of the problems associated with the use of pedicled flaps, the use of free flaps has introduced new challenges and dimensions in head and neck reconstruction. Foremost among these new dimensions are the anatomic variations in the head and neck region and common flaps used, which can profoundly affect the operation and surgical outcome.
This article will describe the anatomic variations of donor vessels (the external carotid artery and its branches) and the recipient vessels of commonly used flaps in head and neck reconstruction. The ensuing discussion relates mainly to microvascular free tissue transfer as this is where slight anatomic variations can have a significant impact on reconstructive techniques.
Where relevant, local pedicled flaps are also analyzed. Techniques for overcoming pitfalls related to these anatomic variations will be explored (see Table 1 ).
VARIATIONS OF THE EXTERNAL CAROTID ARTERY AND ITS BRANCHES
The external carotid artery and its branches are the usual recipient vessels in head and neck microsurgical free tissue transfer. The external carotid commonly gives off six branches, three anteriorly (superior thyroid, lingual, and facial), two posteriorly (occipital, and posterior auricular), and one medially (ascending pharyngeal). [2] [3] [4] The anteriorly directed vessels are most favorably oriented and are therefore most commonly used in head and neck reconstruction. These are, in order of frequency: the superior thyroid artery, the facial artery, and the lingual artery. In secondary cases, the transverse cervical artery and the superficial temporal artery are 1 available alternatives. The specific choice of recipient vessels for a given case depends on the location of the defect, the quality of the available vessels, and the pedicle length of the flap.
The superior thyroid artery is commonly spared in radical neck dissection. It arises as the first branch of the external carotid artery and runs almost vertically downward toward the superior pole of the thyroid gland with the superior laryngeal nerve in close proximity behind it. Before reaching the gland it gives off the infrahyoid, sternomastoid, superior laryngeal, and cricothyroid branches. Occasionally, the sternomastoid branch may ALT, anterolateral thigh; DSA, dorsal scapular artery; SCA, superficial cervical artery.
arise directly from the external carotid artery within 1 cm of the origin of the superior thyroid artery itself, in which case the superior thyroid artery would be smaller in caliber. 3 The facial artery arises from the carotid artery above the level of the greater horn of the hyoid. It runs upward behind the submandibular gland deep to the stylohyoid and the posterior belly of the digastric. Above the stylohyoid, it turns downward and forward between the lateral surface of the submandibular gland and medial pterygoid muscle to reach the lower border of the mandible. It then takes a tortuous course toward the angle of the mouth and subsequently the medial canthus. Due to its location, the facial artery is commonly ligated in radical neck dissections. In cases where it is congenitally hypoplastic, the facial artery may fail to reach the angle of the mouth (10%) or even be vestigial, failing to reach the face (1%). The territory of the facial artery under such circumstances is taken over by the contralateral facial or ipsilateral transverse facial artery (from the superficial temporal artery). 3 The branching pattern of the anterior branches of the external carotid artery varies (Fig. 1) . 4 Variation A is the most common (80%) and the most favorable as the three anteriorly directed vessels are available as potential recipients. When the facial artery is ligated in lymph node clearance, two alternatives remain: the lingual artery and the superior thyroid artery. The facial and lingual arteries may arise from the external carotid as a common trunk (the linguofacial trunk), with variation B having a low take-off and variation C a high take-off. In variation B, the facial artery may be ligated during neck dissection, but it is likely that the common stem and lingual artery would be left intact. In variation C, the common stem that arises high on the external carotid may be inadvertently ligated if the surgeon is unaware of the anomaly. In such circumstances, the only recipient vessel available in the vicinity would be the superior thyroid artery. Cognizance of such anomalies and pitfalls will reduce confusion and time-wastage when searching for recipient vessels.
The superficial neck veins show considerable variation. However, vessel availability is not an issue, even in cases in which radical neck dissections have been performed, because the internal jugular vein stump is available as an end-to-side recipient vessel. Very rarely, the internal jugular vein is hypoplastic and venous drainage has to depend on the external jugular vein. It is therefore imperative that the resecting surgeon preserve the external jugular vein as a recipient vein for free tissue transfer.
ANATOMIC VARIATIONS IN FLAPS FOR HEAD AND NECK RECONSTRUCTION
The flaps most commonly used in head and neck reconstruction, including the radial forearm flap, the anterolateral thigh flap, and the fibula osteocutaneous flap, and their anatomic variations will be described in turn. The jejunum flap is also explored because of the unique Figure 1 The origin of the facial, lingual, and superior thyroid arteries. Variation A is the most common pattern, seen in more than 80% of cases. It is also the most favorable because ample vessels are available as donor vessels. Variations B and C have a common linguofacial trunk with a low and a high take-off, respectively. These may be tied off during resection, leaving only the superior thyroid artery available as donor vessel. requirements of visceral flaps. Finally, the pedicled trapezius myocutaneous flap is analyzed as a useful pedicled flap for head and neck reconstruction.
Radial Forearm Flap
The free radial forearm flap is a workhorse for reconstruction after resection of oral cancers. 5 It is thin and pliable, has a long pedicle, and has potential for sensory reinnervation. 6 Its disadvantages are donor site scarring and sacrifice of a major vessel that is often the dominant blood supply of the hand. An Allen test is mandatory before a decision is made to use this flap. When the ulnar artery at the wrist is released while keeping the radial artery compressed, the hand should re-perfuse briskly and completely within 2 to 3 seconds. This flap should not be used in the absence of adequate ulnar perfusion of the entire hand. Although flap harvest is straightforward, anatomic anomalies that may complicate flap harvest include those described in the following five subsections. [7] [8] [9] [10] HIGH ORIGIN OF THE RADIAL ARTERY (BRACHIORADIAL ARTERY) (Fig. 2) In 10 to 25% of extremities, the radial artery takes off from the brachial artery above the intercondylar line of the humerus or directly from the axillary artery. The radial artery then assumes a normal course in the forearm, running along the medial border of the brachioradialis and superficial to the pronator teres muscle, allowing the flap to be elevated in the usual manner. However, problems may arise when tracing the radial artery into the cubital fossa, where the median nerve may be positioned more laterally than usual. The aberrant radial artery enters the forearm immediately anterior to a more laterally positioned median nerve, which may be inadvertently damaged by attempting to trace the radial artery proximally to its origin at the brachial artery. The absence of a brachial arterial bifurcation in the cubital fossa should alert the surgeon to this anomaly; in which case, dissection of the radial artery should stop at this level.
SUPERFICIAL ULNAR ARTERY (Fig. 3) This rare anomaly is reported in 2% of upper extremities. It is commonly a continuation of an ulnar artery with a high origin. In contrast with the radial artery with a high origin, the superficial ulnar artery has a markedly abnormal course in the forearm. It takes a serpentine course from the cubital fossa toward the wrist, initially running medially superficial to the flexors and later assuming a more lateral position to the flexor carpi ulnaris near the wrist. Because it lies just deep to the fascia of the forearm, the superficial ulnar artery may easily be damaged when raising the flap. When elevating the flap from the ulnar side under pneumatic tourniquet, the artery may be mistaken for the basilic vein and ligated. This is the superficial ulnar artery ''trap'' as described by Fatah et al. 10 To avoid this complication, any large, thickwalled vessel encountered in the course of flap harvest should be regarded with suspicion. The superficial ulnar artery is deep to the deep fascia, whereas the veins are superficial to this plane. Hence, any vessel located beneath the deep fascia should be carefully examined. Suprafascial radial forearm harvest, as advocated by Wei, will avoid this complication by limiting dissections to the superficial fascia. 11 The tourniquet should be deflated and the vessel checked for pulsation as a final confirmation before proceeding further.
This anomaly can be detected preoperatively by careful palpation of the cubital fossa and forearm over the flexor carpi ulnaris muscle. If a superficial ulnar artery is identified prior to operation or intraoperatively (prior to division of the radial artery), one should use the contralateral arm or a different flap. If one is already committed to the radial forearm flap, the superficial ulnar artery should be repositioned under the flexor tendons prior to skin grafting. This is because this superficially located artery is inadequately protected by skin grafts and is susceptible to trauma. The patient should be informed of this anomaly.
DISTAL ORIGIN OF THE RADIAL ARTERY LOCATED DEEP TO THE PRONATOR TERES MUSCLE (Fig. 4)
In this situation, the radial artery originates more distally from the brachial artery, at the level of the pronator teres muscle. Because the artery is deep to the pronator teres, no septocutaneous perforators are given off in its proximal course. This anomaly does not preclude the harvest of a distally placed skin paddle but would make a proximally placed skin paddle less reliable. Also, it would be necessary to dissect the pronator teres to uncover the proximal portion if more pedicle length were needed. The muscle is repaired once harvest is completed.
SUPERFICIAL DORSAL ANTEBRACHIAL ARTERY (Fig. 5)
In this rare anomaly, the radial artery bifurcates in its distal course. The aberrant branch, termed the superficial dorsal antebrachial artery, passes laterally superficial to the long tendons of the thumb. This anomaly can be detected preoperatively by palpating along the radial dorsal surface of the forearm. The clinical significance of this anomaly is that interpretation of the Allen test could be misleading if the aberrant branch is not occluded simultaneously, as the aberrant branch maintains distal perfusion even when the radial artery is occluded. Hence, an inadequate contribution to hand circulation from the ulnar artery is not detected. If noted intraoperatively, adequacy of the ulnar collaterals should be confirmed prior to division of the radial artery. The radial forearm flap has been used successfully in the presence of this anomaly without any ischemic problems.
HYPOPLASTIC ULNAR ARTERY
Rarely the ulnar artery is absent, the hand being supplied solely by the radial artery. This is an absolute contraindication to the use of the radial forearm flap. Fortunately, this anomaly is easily detected by the absence of the ulnar pulse and a positive Allen test.
Fibula Osteocutaneous Flap
The fibula osteocutaneous flap with a distally sited skin paddle, as described by Wei, is a well-established design for composite defects in the head and neck region. 12, 13 In this discussion, anatomic variations of the bone flap and the skin paddle will be explored separately.
VARIATIONS OF THE OSSEOUS BLOOD SUPPLY
The spectrum and prevalence of trifurcation arterial anatomic variants have been well documented by radiology studies. [14] [15] [16] [17] [18] In the context of harvesting the fibula flap, anatomic variations that may complicate flap harvest include those that increase risk of postoperative pedal ischemia and those that complicate intraoperative identification of vasculature resulting in harvesting the wrong pedicle. It should be noted that the current discussion pertains to lower-limb anatomic variations. More often than not, it is atherosclerosis and peripheral vascular disease that result in postoperative pedal ischemia rather than surgical damage to vessels because of aberrant anatomy.
The anterior tibial artery is commonly the dominant vessel supplying the foot via the dorsalis pedis artery, with smaller contributions from the posterior tibial artery (see the detailed angiographic classification of trifurcation variations by Kim et al 16 ; Fig. 6 ). In brief, type I refers to branching that occurs at the ''normal level'' (below the inferior border of the popliteus muscle). Type II has a high division at the level of the knee joint, and type III has hypoplastic or aplastic branches with altered supply to the foot. Type III variant may pose a risk to vascular supply of the lower limb after harvesting the fibula. Usually, hypoplasia and aplasia involve the anterior tibial artery and/or posterior tibial artery with the peroneal artery taking over the blood supply to the foot. This is related to the embryologic development of lower-limb vasculature. 18 The degree of reliance on the peroneal artery for the foot blood supply varies, depending on whether it is mild hypoplasia of the anterior tibial artery and/or the posterior tibial artery or severe hypoplasia in rare anomalies such as peroneal arterial magna, in which the peroneal artery exists as the only supply to the foot. Various studies have indicated that the peroneal artery is the major contributor to the vascular supply of the foot in 7 to 12% of all lower limbs. Because the peroneal artery is procured with the fibula, the foot is at risk in such situations. Furthermore, examination by way of palpating the dorsalis pedis and posterior tibial pulses may fail to detect the anomaly, as distal circulation is reconstituted by communications between the three major arteries. If detected preoperatively by conventional angiography, computed tomography (CT), or magnetic resonance angiography, the presence of such anomalies would be a relative contraindication to fibula flap harvest. The contralateral leg or a different donor site should be chosen. Chow et al reported on the preoperative multidetector CT angiographic evaluation of the leg prior to flap harvest and noted that imaging findings altered their operative plan in 2 of 20 patients because of anatomic variants. 19 This explains why there is an increasing tendency to recommend patients for preoperative angiographic evaluation. In contrast, Lutz et al prospectively evaluated the use of preoperative angiography on 120 lower limbs and concluded that routine preoperative angiography of the donor leg is not justified. 20 Of the 120 lower limbs, 119 fibula flaps were harvested without any adverse sequelae to the leg. The authors believed that accurate intraoperative evaluation can detect patients in whom harvesting the peroneal artery would result in foot ischemia. They recommended preoperative angiography only for patients with abnormal pedal pulses and previous trauma to the leg.
Trifurcation variations can also complicate intraoperative identification of vessels. Of relevance is the level of the origin of the posterior tibial artery from the tibioperoneal trunk. To maximize pedicle length during flap harvest, the peroneal artery is traced proximally to its take-off from the posterior tibial artery and ligated just distal to that point. In patients with a high origin of the posterior tibial (at the level of the knee) with a long anterior tibial/peroneal trunk, the trunk may be mistakenly ligated, resulting in the sacrifice of two major vessels of the lower limb.
VARIATIONS OF THE SKIN PADDLE BLOOD SUPPLY
The skin component of the fibula osteocutaneous flap introduces further anatomic uncertainty. Wei et al have demonstrated that the distally placed skin paddle can be reliably vascularized by septocutaneous vessels from the peroneal system running in the posterior crural septum. 12, 13 Very rarely, they originate from the posterior tibial artery. 21 Therefore, it is important to trace the septal vessel to its origin early on in the dissection. More commonly, in 5 to 10% of cases, no sizable septocutaneous perforators are present in the septum. Options in these instances include harvesting the bone alone and a separate soft tissue flap such as the radial forearm flap; switching to the contralateral lower limb; or attempting to salvage the skin paddle by using musculocutaneous perforators coming through the soleus muscle. [22] [23] [24] [25] [26] The last option would entail preserving and dissecting out the musculocutaneous perforator of the soleus muscle supplying the skin paddle; in essence, raising the flap as a perforator flap. Various authors have shown this to be a viable option in situations where septocutaneous perforators are absent. 27 However, in contrast with the situation of a normal septocutaneous perforator in which the vessel arises consistently from the peroneal artery, the origin of these musculocutaneous perforators is variable, arising from the peroneal, posterior tibial, or even tibioperoneal trunk. Consequently, when using musculocutaneous perforators to vascularize the skin paddle component of the fibula osteocutaneous flap, one should be aware that the perforator may diverge away from the pedicle of the fibula flap (i.e., the peroneal artery). In a divergent system, two sets of microvascular anastomoses are needed, which significantly complicates reconstruction (Fig. 7) . The distal run-off of the peroneal artery may be used as recipient vessels for the second flap.
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INCLUSION OF THE LATERAL HEMISOLEUS WITH THE FIBULA OSTEOSEPTOCUTANEOUS FLAP
The fibula osteoseptocutaneous flap provides very robust bone and skin components. Occasionally, in composite head and neck defects with significant tissue loss, bulk is insufficient to obliterate dead space and to replace the volume of tissue loss. In this setting, the use of a second soft tissue flap may be indicated. 28 However, the use of a second free flap adds significantly to the complexity and duration of surgery. The hemisoleus muscle can reliably be included with the fibula osteoseptocutaneous flap to provide the needed bulk. 29, 30 The lateral hemisoleus is consistently supplied by large muscle branches (usually two) arising from the proximal portion of the peroneal artery. 29 The benefit of raising this ''chimeric''-type flap, consisting of bone, skin, and muscle components supplied by separate vessels arising from the peroneal artery, is that it affords greater versatility when insetting the flap. Separate components have greater degree of freedom to be moved into the area where they are needed. In contrast, the conventional approach of harvesting the bone with a ''cuff'' of soleus muscle is limited in its usefulness as the muscle remains tethered to the bone.
Anterolateral Thigh Flap Song originally described the anterolateral thigh (ALT) flap as based on septocutaneous vessels running the septum between the rectus femoris and the Figure 7 Occasionally (5 to 10% of cases), no septocutaneous perforator is seen in the distal leg. In such situations, a soleus musculocutaneous perforator can be used to vascularize the skin island. Unlike its septocutaneous counterpart, which constantly arises from the peroneal vessels, the origin of the musculocutaneous perforator tends to be more variable. In this cadaveric specimen, the soleus musculocutaneous perforator (black arrow) was dissected intramuscularly to its origin at the posterior tibial artery (yellow arrow). In such situations, use of the musculocutaneous perforator would necessitate a ''double free flap'' type of reconstruction.
vastus lateralis (VL). 31 This, however, constituted only a minority of cases and contributed to the initial opinion that the ALT flap was unreliable. Multiple studies have focused on the anatomic variations of the ALT flap, and several authors have classified its vascular variations. [32] [33] [34] Such classifications are unnecessarily cumbersome and may cause further confusion, especially in the hands of less experienced surgeons. From our current understanding of the ALT flap, the variations potentially encountered can simply be classified on the basis of:
The course of the skin vessels supplying the anterolateral thigh. These can be either musculocutaneous (88%) or septocutaneous (12%) (Fig. 8) . The pedicle of the flap, which can be either the descending branch or the oblique branch of the lateral circumflex femoral artery (LCFA). 35 In either case, the variation does not affect reliability, and the ALT flap can be safely procured with meticulous technique. The only contraindication to the harvest of the ALT flap is a ''true'' absence of sizable (>0.5 mm at the subfascial level) skin vessels in the anterolateral thigh. However, this occurrence is exceedingly rare (1%). 35 
THE OBLIQUE BRANCH OF THE LATERAL CIRCUMFLEX FEMORAL ARTERY
The oblique branch of the LCFA is a previously unnamed branch that, when present, runs between the descending and the transverse branches of the LCFA. In our 88 cases, a distinct oblique branch was noted in 31 (35%) patients. The vessel is usually visible lateral to the descending branch in the upper part of the thigh once the intermuscular septum is opened. It runs for a variable distance in the intermuscular septum before piercing the substance of the VL, usually in the proximal third of the muscle. It may take its origin from the descending branch, the transverse branch, the LCFA, the profunda femoris, or even directly from the femoral artery. 35 
A SAFE APPROACH TO THE ANTEROLATERAL THIGH FLAP
Harvesting a fasciocutaneous ALT flap: The fasciocutaneous flap can be based on either septocutaneous vessels or musculocutaneous perforators. With meticulous intramuscular dissection technique, both types of vessels are equally reliable. The pedicle of the flap is usually the descending branch of the LCFA. 34 Occasionally, however, the vessels supplying the anterolateral thigh region originate exclusively from the oblique branch of the LCFA. In this situation, the oblique branch can reliably and safely be used as the flap pedicle. It should be noted, however, that the oblique branch is usually a little smaller (mean diameter 1 to 1.5 mm) and shorter than the descending branch. Appropriately sized recipient vessels should therefore be selected. If a longer and larger-caliber pedicle is needed, the vessel can be traced proximally to include higher-order branches such as the descending or transverse branch or even taking the LCFA if necessary. 35 Modified technique of harvesting the ALT myocutaneous flap: The harvest of the myocutaneous ALT flap has been described previously. The conventional method of harvesting the flap is easy and expedient. 34 However, occasionally this approach results in a muscle component that is healthy, but the skin component is nonviable. This has been attributed to poorly defined ''anatomic variations'' that preclude the harvest of myocutaneous flaps in certain patients. The exact anatomic explanation for this occurrence has hitherto not been documented. Based on current understanding of the vascular anatomy of the anterolateral thigh, failure of the skin component of the flap can now be pinpointed to the (unrecognized) presence of the oblique branch of the LCFA in such patients. 36 In most patients, the descending branch supplies both the VL muscle and the anterolateral thigh skin through myocutaneous or septocutaneous vessels. However, in cases where an oblique branch is present, it may be the dominant supply of the anterolateral thigh skin. Harvesting the flap in the conventional method would result in division of the oblique branch when the VL muscle is cut proximally. Failure to include the oblique branch would then compromise skin integrity.
A slight modification in the approach to ALT myocutaneous flap harvest is proposed to safeguard against such anatomic variation. 37 The medial incision is made, and the flap is elevated to the intermuscular septum. The skin vessels to be included with the flap are then selected and the intermuscular septum opened. The descending branch and the oblique branch (if present) can usually be seen. The perforator supplying the skin is then traced to its origin by unroofing the muscle over the musculocutaneous perforators. Septal vessels are also followed to their origin. Unroofing of musculocutaneous perforators is safe, minimally devascularizes the muscle, and can be done quickly with minimal bleeding. This is because the majority of branches from the perforator supplying the VL muscle usually run medially, laterally, and posteriorly, with very few running anteriorly. Once the anatomy is defined, three scenarios are possible. First, skin and muscle are supplied by the descending branch. This is the most common situation, and flap harvest can be completed in the usual manner, taking a segment of the VL muscle with a skin island. Second, the skin is supplied by the descending and oblique branches. In this situation, so long as there is at least one sizable skin vessel originating from the descending branch, the oblique branch contribution can be cut and flap harvest completed in the usual manner. Third, the skin is supplied exclusively by vessels arising from the oblique branch. In such situations, the oblique branch must be included with the flap to nourish the skin. If only a small piece of muscle is needed, the flap can be harvested with the oblique branch as the pedicle, leaving the descending branch in situ. If a large piece of the VL muscle is needed, both the descending branch and the oblique branch should be included with the flap. 37 In certain situations, perforators may be too small or absent. A logical, stepwise approach is undertaken in such circumstances (Fig. 9): 1. Using the same linear incision and extending it proximally, the upper thigh is explored for a perforator that originates from the transverse branch of the lateral circumflex femoral artery. The pedicle would be shorter in this case. 2. The flap is converted into a tensor fascia lata flap, which is supplied by the transverse or ascending branch of the lateral circumflex femoral artery. Perforator dissection and primary debulking may be done to reduce the volume of this flap, which is normally thicker than the ALT flap. 3. A switch is made to the ALT flap, 38 which is supplied by a branch of the lateral circumflex femoral artery or a branch of the descending branch itself. The perforator is found in the septum between the rectus femoris and the vastus intermedius muscles. Although the skin paddle has been shifted medially, the usual ALT flap muscle components may still be included as they share the same source artery. 4. A switch is made to the opposite thigh if all efforts prove futile. The anatomy can be different and perforators more easy to dissect. 
Jejunal Flap
The jejunal flap plays a central role in pharyngoesophageal reconstruction. The jejunal flap is anatomically, biochemically, and physiologically different from skin and muscle flaps commonly used in reconstruction. Anatomic variations of this visceral flap have rarely been reported. Anatomy texts describe the anatomy of the jejunal flap as predictable, with four to six jejunal arteries arising from the superior mesenteric artery, traveling between the two layers of the omentum to supply the jejunum. Each artery is accompanied by a single vein that drains into the superior mesenteric vein. 1, [39] [40] [41] [42] In the series of 120 jejunal free flaps performed over a 5-year period by the senior author (H-C.C.), three (2.5%) patients with anatomic variants of the classic description were noted. The anatomic variations consisted of double jejunal arteries in two patients and double jejunal veins in one (Fig. 10) . In the first patient, revascularization using one artery was inadequate, resulting in partial flap necrosis and infection. The flap was eventually discarded. This led to a more cautious approach in the second patient, in whom two arterial anastomoses were performed. The flap survived. In the third patient, in whom there were two veins, only one venous anastomosis was performed. The flap was congested initially, but the color gradually improved and it survived.
DOUBLE JEJUNAL ARTERIES
When there are two arteries feeding a flap, whether or not a single inflow is adequate depends on the overlap between the individual vascular territories and the communicating channels that exist between the two subsystems (Fig. 11) . In skin, for example, several levels of communication between vascular territories exist, and they occur in the septal, fascial, and subdermal plexuses. A similar pattern does not exist in the jejunum. Instead, it has a segmental blood supply, as this ensures maximal blood delivery to tissues of high metabolic activity. In jejunum, straight arteries (vasa rectae) deliver blood to the bowel without precapillary communications. 1, 42 Thus, any devascularized segment relies solely on the collateral circulation within the bowel wall, which may be inadequate.
Unlike skin and muscle flaps, jejunal flaps tolerate ischemia poorly, and ''nonlethal'' ischemia can lead to a breakdown in the mucosal barrier, resulting in bacterial translocation and infection. 43 Olding and Jeng 44 used the term nonlethal ischemia to denote an ischemic insult that causes partial bowel necrosis, ultimately manifesting as anastomotic leaks, fistulas, and intestinal stricture. In addition, the basal blood flow of the jejunal flap decreases after transfer to the neck because of recipient arteries of smaller caliber. This decrease in flow is explained by Poiseuille's formula, which states that flow varies directly with the fourth power of the radius of a vessel. Thus, on account of the segmental nature of jejunal blood supply and its susceptibility to ischemic injury, two arterial anastomoses should be performed when double jejunal arteries are encountered.
DOUBLE JEJUNAL VEINS
The pattern of venous drainage parallels that of the arterial system, which is segmental in nature. Tsuchida et al demonstrated in a rabbit model that jejunum arterial clamping for 30 minutes did not show any histologic evidence of irreversible reperfusion injury. In contrast, venous clamping for 5 minutes showed injury with hemorrhage in the lamina propria, and irreversible injury was seen after 30 minutes with massive hemorrhage in all layers of the jejunal wall. 45 This suggests that the jejunum is even more susceptible to venous congestion than to arterial insufficiency. Therefore, to ensure optimal venous outflow, anastomoses of all veins present should be performed when this variant is encountered.
Lower Trapezius Musculocutaneous Flap
Since its original description by Baek et al in 1980, 46 the lower trapezius musculocutaneous flap has become a popular flap for head and neck reconstruction because of its ability to reach the scalp, temple, midface, and neck. The trapezius is a flat triangular muscle and can be divided into three portions based on blood supply. The upper third is supplied by the occipital artery, the middle third by the superficial cervical artery (also known as the superficial branch of the transverse cervical artery), and the lower third by the dorsal scapular artery (also known as the deep branch of the transverse cervical artery).
VARIATIONS IN ARTERIAL ANATOMY
Traditionally, the superficial cervical artery (loosely called the transverse cervical artery) has been regarded as the sole dominant artery of the flap. However, recent studies have shown the dorsal scapular artery to be codominant, as it has an equally large caliber and supplies a significant proportion of the trapezius muscle [47] [48] [49] (Figs. 12 and 13 ). The superficial cervical artery originates from the thyrocervical trunk and crosses the posterior triangle of the neck to reach the trapezius muscle. The dorsal scapular artery, on the other hand, arises from the subclavian artery, runs deep to the levator scapulae, and emerges from between the rhomboid minor and major muscles to supply the lower trapezius. [47] [48] [49] In 60% of cases, the dorsal scapular artery has an origin separate from the superficial cervical artery. In 40% of cases, they form a common trunk, which is known as the ''true'' transverse cervical artery.
In 97% of trapezius muscle specimens, the dorsal scapular artery is present (Figs. 12 and 13 ) and coexists with the superficial cervical artery. A flap based on these two vessels can have a long skin extension reaching the posterior axillary crease (Fig. 14) . This is described as the extended lower trapezius flap (Fig. 15) . 47 Flaps based on either one of the vessels have been described. 48 When based solely on the superficial cervical artery, the flap's skin paddle is sited more cephalad (Fig. 14) , which is the traditional design. As the superficial cervical artery traverses the posterior triangle, there is a possibility of damaging the vessel during neck dissection, and hence one should check that it is intact before elevating the flap. When the flap is based on the dorsal scapular artery alone, the skin paddle is sited more caudally. It can be extended 10 to 15 cm beyond the lateral border of the lower trapezius muscle. 47 Neck dissection does not pose a risk to the vascular supply in this design as the artery runs deep and is not exposed.
In 3% of anatomic specimens, the dorsal scapular artery is absent, and in its place is a descending branch of the superficial cervical artery (Fig. 16) . This is not a large vessel but an offshoot from the arborized portion of the superficial cervical artery. When intending to elevate an extended flap, the presence of the dorsal scapular artery needs to be confirmed by locating it along the medial border of the scapula before committing oneself. If it is absent, the skin paddle is shifted to a more superior location.
VARIATIONS IN THE VENOUS ANATOMY
The superficial location, variability, and fragility of the superficial cervical veins (transverse cervical veins) explain why more trapezius flaps die of venous rather than arterial insufficiency. 50 The veins draining the trapezius flap are usually more superficial than their accompanying artery. They may run deep or superficial to the omohyoid muscle and may accompany or diverge from the superficial cervical artery as they travel across the base of the neck from lateral to medial. They terminate in the external jugular vein or subclavian vein. 50 The dorsal scapular veins exist as two or three venae comitantes accompanying the dorsal scapular artery. 51 They run deep to the omohyoid and levator scapulae muscles and drain into the subclavian vein. By virtue of their deep location, they are seldom exposed during neck dissection.
From a clinical standpoint, it is always advantageous to have two sets of draining veins by incorporating both the superficial cervical and dorsal scapular venous systems. Technically, what this means is to include the two codominant arteries, as veins follow arteries. If the patient has had a neck dissection, it is crucial to include the dorsal scapular system, as one cannot be certain about the presence of the superficial cervical veins. If it is a virgin neck and one is intending to raise the flap purely on the superficial cervical system, the following provisions should be made:
For a cephalic defect, the superficial cervical veins should be dissected first as the reach and axis of the flap is determined largely by the anatomy of the veins. This is because the veins are shorter than the superficial cervical artery and more prone to flow interruption when stretched. For a cervical, easy-to-reach defect, one should avoid exploring the neck altogether to minimize trauma to the veins. Remember, some tributaries may be so superficial as to terminate in the external jugular vein. 
